Background and Purpose. The main purpose of this study was to determine the interrater and intrarater reliability of measurements obtained during palpation of the craniosacral rate at the head and feet. Palpated craniosacral rates of head and feet measured simultaneously were also compared. Subjects. Twenty-eight adult subjects and 2 craniosacral examiners participated in the study. Methods. A withinsubjects repeated-measures design was used. A standard cubicle privacy curtain, hung over the subject's waist, was used to prevent the examiners from seeing each other. Results. Interrater intraclass correlation coefficients (ICCs) were .08 at the head and .19 at the feet. Intrarater ICCs ranged from .18 to .30. Craniosacral rates simultaneously palpated at the head and feet were different. Conclusion t has been estimated that 1 in 3 Americans seek medical intervention from alternative health care practiti0ners.l One such intervention that appears to be popular among some physical therapists is craniosacral therapy. Practitioners of craniosacral therapy base their evaluation and intervention strategies on what they call "craniosacral motion" (or "craniosacral rhythm"). Upledger and Vredevoogd2 have defined c?aniosacrnl motion as periodic movements of the dura mater caused by cyclic fluctuations in cerebrospinal fluid pressure. Evidence for the existence of a craniosacral motion (rhythm), however, has not appeared. Upledger and Vredevoogd2 have suggested that this motion has a normal biological rhythm and performs a primary respiratory function necessary for sustaining life, not unlike oxygen respiration and blood circulation, although they have supplied no data to support this contention.
t has been estimated that 1 in 3 Americans seek medical intervention from alternative health care practiti0ners.l One such intervention that appears to be popular among some physical therapists is craniosacral therapy. Practitioners of craniosacral therapy base their evaluation and intervention strategies on what they call "craniosacral motion" (or "craniosacral rhythm"). Upledger and Vredevoogd2 have defined c?aniosacrnl motion as periodic movements of the dura mater caused by cyclic fluctuations in cerebrospinal fluid pressure. Evidence for the existence of a craniosacral motion (rhythm), however, has not appeared. Upledger and Vredevoogd2 have suggested that this motion has a normal biological rhythm and performs a primary respiratory function necessary for sustaining life, not unlike oxygen respiration and blood circulation, although they have supplied no data to support this contention.
Upledger7 and Mannheim and Lavett4 claimed that abnormalities of craniosacral motion can result from, produce, or contribute to a variety of musculoskeletal and nonmusculoskeletal dysfunctions. Practitioners of craniosacral therapy use manual techniques described by Upledger and others in an effort to achieve what they call "normalization" of craniosacral motion in an attempt to correct dysfunction in their patients. Craniosacral therapy can be used either alone or as part of an eclectic intervention strategy. More detailed critical discussions of craniosacral therapy and the theories of Upledger have been presented previously in this journal.57
As we understand craniosacral therapy, palpation of craniosacral motion is an essential part of the treatment.'~~ Upledger and Vredevoogdz contend that the central nervous system and cerebrospinal fluid, via the dura mater and the axial skeleton, produce a subtle motion that can be palpated throughout the body.
Craniosacral motion, according to those who believe it exists, can be palpated at the patient's head, pelvis, hands, and feet.'.3 Craniosacral practitioners clain~ to gain diagnostic information about their patients by palpating craniosacral motion for rate, amplitude, sylnmetry, and quality. According to these practitionel-s, abnormalities detected in a patient's cralliosacral motion may necessitate intervention focused oil normalizing one or niore of these aspects of the motion.
Upledger and Vredevoogd' defined cmnio.rarm1 rate as the number of complete cycles of craniosacral motion per minute. The authors stated that the normal rate for craniosacral motion is 6 to 12 cycles per minute. They further contended that each cycle of rraniosacral motion has 2 distinct, palpable phases: flexion and extension. They argued that intradural pressure rises during the flexion phase, causing the skull to expand along the coronal plane and the entire body to broaden and laterally (externally) rotate. After the intradural pressure peaks and declines past a neutral point, the extension phase begins. During the extension phase, the head is believed to narrow along the coronal plane, and the entire body narrows and medially (internally) rotates. Intradural pressure then reaches a nadir and begins to rise again. After the pressure rises past a neutral point, another flexion phase is said to begin, and one craniosacral cycle is complete. Craniosacral therapists appear to believe that they can palpate the subtle expansion and contraction of the skull and the lateral and medial rotation of the body as described, and they also appear to believe that the cranial sutures allow movement sufficient to be palpable at the skull. Another critical skill for the craniosacral therapist is to distinguish between flexion and extension phases. Because these phases are reportedly linked to palpable and distinct changes in the body, craniosacral therapists are expected to readily differentiate between flexion and extension phases in order to make a proper diagnosis. Table 1 .
Medical History Characteristics
As we understand craniosacral therapy, palpation of the craniosacral motion is the primary clinical m e a s~r e .~,~ Abnormal findings such as reduced or accelerated rate, weak amplitude, o r asymmetry define the basis for intervention, selection of treatment techniques, and determination of 0utcome.2-~ For example, Upledger and Vredevoogd2 have suggested that craniosacral rates above 12 cycles per minute may indicate the presence of acute dysfunction, meni~lgeal restrictions, or hyperkinesis in children. They also associated high craniosacral rates with autism. Rates below 6 cycles per minute, they suggested, may indicate the presence of chronic dysfunction, malnutrition, fatigue, lowered immune response, or metastatic disease. These claims have never been verified by research findings and must be viewed as the opinions of these 2 authors.
The importance of using reliable clinical measures to aid in clinical decision making is obvious, yet previous researchers5 have reported very low interrater reliability for n~easurements obtained during palpation of the craniosacr;d rate. Hanten et alx noted improved intrarater reliability but still poor interrater reliability. The reliability of measurements obtained during palpation of the craniosacral rate has been shown to be unaccepta1)le for the very purpose for which it was intended, namely, clinical decision making.
One of the first concepts taught in entry-level (professional) craniosacral therapy courses is palpation of craniosacral motion (personal experience of authors JSR and PLW). Because it is presumed that craniosacral motion is most readily palpated at the head,' beginners are taught to feel the motion at this location first. A standard teaching procedure is to have the beginner stiind at the head of a subject and to have the clinical instructor stand at the subject's feet. The beginner is then told to palpate the subject's head and try to assess the craniosacral motion, particularly identifying flexion and extension phases, while the instructor provides feedback as to the "correctness" of the beginner's findings. The implicit understanding between the beginner and the instructor is that both are palpating the same thing. No iresearch has tested this assumption or the efficacy of this teaching technique. In addition, no published studies have examined the reliability of measurements obtained during palpation of the craniosacral rate at locations other than the head, though this practice is common in both clinical and training sessions.
The primary purposes of our study were to determine the: intrarater and interrater reliability of measurements 
Method
Subjects Twenty-eight subjects participated in this study. Most of the subjects were recruited by the principal investigator or the examiners. Other subjects responded to notices placed in the local area. Ten of the subjects were Inen (mean age= 32.40 years, SD=Y.38, range = 18-49), and 18 subjects were women (mean age=32.44 years, SD=6.83, range=22-48). Because all humans are believed to have a craniosacral rhythm,'L.:: almost anyone who met the inclusion criteria could have been a subject in this study. To be eligible for our study, participants had to be at least 18 years of age, be able to understand instructions, and be able to lie supine for 45 minutes. Because the 2 locations chosen for study were the head and feet, subjects were also required to have intact lower extremities.
To avoid underestimation of reliability coefficients, reliability studies need to have adequate variance between subject^.^,"' Upledger and Vredevoogd2.'! have stated that various medical conditions can cause alterations in the craniosacral rate. We therefore assumed that the subjects recruited for this study would have a variety of past or present medical problems that could contribute to a range of observed craniosacral rates. Table 1 summarizes the medical history characteristics of our subjects as derived from a written questionnaire. All subjects signed a Sample craniosacral rate data. 
Examiners
Two individuals with experience in giving craniosacral therapy were recruited for this study. Examiner A, a licensed physical therapist, had taken 4 courses in craniosacral therapy. She had used craniosacral therapy in patient care for a total of 5 years, on 25% of her patients during the first 2 years and on 90% of her patients during the last 3 years. She had taught 4 workshops on craniosacral therapy for health care providers, and she taught a unit on craniosacral therapy for entry-level (professional) physical therapist students.
Examiner B, a registered nurse, had studied craniosacral therapy with Upledger for 1% years. She had taken 4 courses in craniosacral therapy. She had used craniosacral therapy in patient care for the last 17 years and at the time of this study had a full-time private practice in craniosacral therapy. She had also taught 4 workshops on craniosacral therapy for health care practitioners. Both examiners reported that they routinely assess craniosacral motion when treating their patients.
7

Instrumentation
Each examiner's findings were recorded via activation of a footswitch. When the footswitch was depressed, no signal was present. When the examiner raised the ball of her foot, a signal occurred. Signals were captured via a
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Biopac MP 100 analog-to-digital data acquisition system* connected to a Macintosh personal computer.+ The analog signal was converted to a pulse wave that was plotted as a function of time ( Fig. 1 ).
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In an attempt to blind the examiners, the footswitches were constructed so that their operation was silent. Silent operation was essential to eliminate auditory cueing between examiners. Based on the examiners' experience, we believed that each examiner was competent to palpate craniosacral motion using her oun technique. The examiners, therefore, were allowed to palpate in a manner of their choice and were not given any instruction regarding how to palpate the head or feet.
Both examiners were instructed in proper use of the footswitches. They were instructed to activate the footswitch each time they felt the heginning of a flexion phase. During pilot work and prior to each data collection session, the examiners were tested using the footswitches to respond to a known visual stimulus. Testing the examiners served the dual purpose of assessing their proficiency in using the footswitches and ensuring that the instrumentation was working properly. For each test, both examiners demonstrated 100% accuracy in using the footswitches.
In our study, craniosacral rate was the dependent variable. To collect craniosacral rate data, a within-subjects, repeated-measures design was used. Independent variables were examiner, location, and measurement trial. Each independent variable had 2 levels; therefore, 8 data points were collected for each subject: examiner A at the head, trial 1; examiner B at the feet, trial I ; examiner ,4 at the head, trial 2; examiner B at the feet, trial 2;
examiner A at the feet, trial 1; examiner B at the head, trial 1; examiner A at the feet, trial 2; and examiner B at the head, trial 2.
Each subject was positioned supine a n a standard treatment plinth. One examiner was positioned at the subject's head (Fig. 2) , and the other examiner was positioned at the subject's feet (Fig. 3) . A standard cubicle privacy curtain was hung over the subject's waist to prevent the examiners from seeing each other. To further aid in blocking auditory cues from either the footswitches or the examiners, a fan was used to provide background white noise. The subject then rested for a period of 2 minutes on the plinth. During this period, the examiners were not allowed to touch the subject. The principal investigator then stated, "Begin palpating the rhythm now," and both examiners began palpating at their respective locations. When both examiners began using their footswitches, a light-emitting diode (LED) was activated, cueing the principal investigator to begin data collection. The LED was located so that only the principal investigator could see it. Two continuous minutes of data were then collected, after which the principal investigator instructed the examiners to stop palpating. The examiners then removed their hands from the subject. Because it has been suggested that craniosacral motion may change for a few seconds up to 1 minute following p a l p a t i~n ,~ we allowed 2 minutes to transpire between measurements. The subject then lay " still for another 2 minutes, after which the measurement procedure was repeated. After the second measurement was taken, the examiners switched locations and 2 more measurements were taken. A total of 4 measurements were taken for each subject. To avoid systematic bias of rate data, examiner starting locations were alternated between data collection sessions so that examiner A started at the head for 13 subjects and examiner B started at the head for 15 subjects.
Data Analysis
All pulse-wave data were analyzed using AcKnowledge software, version 2.1.* The craniosacral rate (in cycles per minute) was calculated by dividing 60 seconds by the average rise-to-rise (beginning of flexion phase to beginning of flexion phase) time interval over the 2-minute trial. Figure 4 provides an example calculation of craniosacral rate.
Data were analyzed using SPSS for Windows, version 6.1 .% Applicable descriptive statistics for craniosacral rate were performed. Reliability coefficients were calculated using intraclass correlation coefficients (ICC[2,1]) as described by Shrout and Fleiss.ll To better interpret the ICCs, contributions of variance due to between-subjects and examiner-subject interactions were analyzed using a custom-modeled factorial analysis of variance (ANOVA). Differences between craniosacral rates taken simultaneously at the head and feet were analyzed using a repeated-measures ANOVA. For both APU' OVAs, significance was assumed at the level of P<.05. 
Figure 2.
Examiner positioned at subject's head for palpation of craniosacral rate.
Figure 3.
Examiner positioned at subject's feet for palpotion of croniosacral rate. Table 2 shows the mean, standard deviation, and range of values for craniosacral rate pooled for each examiner and for each examiner by location. Table 3 shows intrarater and interrater ICCs and Pearson product-moment correlation coefficients (r) by location. The ICCs for both intrarater and interrater reliability in this study were low to nonexistent.12
Results
Figure 4.
Example of craniosacral rate calculation. T=time subject interaction separate from the error termlo or to obtain a n unbiased test of between-subjects variance using a repeated-measures ANOVA,lS we performed a custom-modeled, factorial ANOVA. We used this model to examine the main effects of rater, location, trial, and subjects; 2-way interactions involving subjects (which are the error terms used to determine main effects in a repeated-measures ANOVA); and all possible S-\+ay interactions. The residual, now a fair estimate of random error, consisted of the 2-way interaction between trial and location in addition to the fourth-order interaction. Table  4 shows the results of the custommodeled. factorial ANOVA. 
Discussion
Because observed that the ICCs were low, the reliability analysis was extended to identify possible sources of poor reliability. Lahey et all0 observed 3 sources of poor reliability that can affect ICCs: the presence of ratersubject interaction, the lack of variance between subjects, and no correlation present between the judges. Each of these possible sources was examined. Because it is not possible to examine the significance of raterbf the true score variance divided by the true score variance plus the error variance, so that if both the true score variance (between-subjects variance) and error variance are equal to 10, the reliability estimate (correlation) would equal .50. If the true score variance equals 40 and the error variance equals 10, however, the reliability coefficient would equal 3 0 . Reliability studies, therefore, should seek to test heterogeneous groups. The presence of differences between subjects (F=S.SS, P=.001) (Tab. 4) suggests that the sampled craniosacral rates came from a heterogenous populationl%nd that a lack of between-subjects variance did not contribute to low reliability in this study.
The rater-subject interaction was significant (F=2.04, P=.O?O) (Tab. 4 ) . This finding can be interpreted to mean that this interaction made up a significant portion of the error term used to calculate the interrater ICCs. Because only 2 raters participated in this study, it can be assumed that a lack of agreement between the raters caused the low interrater ICCs.
Review of intrarater between-trials correlations (Tab. 3) showed a range of Pearson correlation coefficients of .17
to .30 (P= 384-. 120). Between-rater correlations (Tab. 3) showed Pearson correlation coefficiellts to be .12 (P=.390) and .23 (P=.082). No correlation between scores indicates either that there is a lack of agreement between raters or that the raters are incapable of accurately judging "true" scores.1o We believe that a lack of agreement between raters explains the lack of correlation between scores here. Therefore, the low intrarater and interrater ICCs found in this study represent a lack of agreement between craniosacral rate me.nsurements taken by the 2 examiners. Given the all-around low reliability of measurements of craniosacral rate in this study, the question of reliability differences between locations becomes unnecessary. Table 5 shows the results of the repeated-measures ANOVA. Because the interaction between examiner and location was significant, simple effects for examiner and location were calculated. Main effects for trials and all interactions involving trials were not significant and are not included in Table 5 . In addition to the ANOVA, a Pearson product-moment correlation coefficient was calculated between craniosacral rates palpated simultaneously a t the head and feet ( r = -.068). The mean absolute difference between craniosacral rates palpated simulta~~eously at the head and feet was also determined (mean absolute difference = 1.822, 95% confidence interval for the mean=1.579-2.065). Figure 5 shows raw data difference plots for craniosacral rates palpated simultar~eously at the head and feet.
Because of the low reliability of the measurements obtained in this study, the results of the repeatedmeasures ANOVA for differences in craniosacral rates palpated simultaneously at the head and feet should be interpreted cautiously. Unreliable data sufficiently degrade any statistical analysis, and solutions may reflect only measurement error.I4 Caution, therefore, should be taken when generalizing the results of measures of differences in craniosacral rates palpated simultaneously at the head and feet. the examiners' measurements. These findings can be interpreted to mean that the examiners did not agree on the craniosacral rate for a given subject on a given trial. Therefore, the assumption of n o differences between craniosacral rates palpated simultaneously at the head and feet cannot be supported by the results of this study.
Our study raises important issues regarding the reliability of measurements of the craniosacral rate and the validity of Upledger and Vredevoogd's craniosacral motion theoly.' The research design used in our study permitted investigation of whether the examiners were actually measuring the same thing, at the same time, within the same subject. The results suggest that at most times the examiners were not measuring the same thing and that major assumptions regarding craniosacral motion warrant further investigation before those assumptions can be considered valid.
The simultaneous palpation data revealed that obvious and large discrepancies of rater findings occurred, such as when one examiner palpated a zero craniosacral rate while the other examiner palpated a nonzero craniosacral rate (Fig. 5 ) . Upledger a n d Vredevoogd2 stated that a total craniosacral system "shutdown" is possible and is characterized by a cessation of all craniosacral For our study, we assumed that if the examiner reported a zero craniosacral rate over the 2-minute data collection period, that meant that a still point had occurred. We interpreted Upledger and Vredevoogd's account of the still point to mean that if a "total craniosacral system motion sihutdown" occurred and craniosacral motion became "perfectly still," then no craniosacral rate should have been discernible throughout the body. The results of our study are not compatible with Upledger and Vredevoogd's statements regarding still-point activity.
Those instances in which one therapist was palpating a craniosacral rate of zero and the other therapist was not palpating a craniosacral rate of zero suggest that the 2 examiners were palpating 2 different phenomena rather than the single stable occurrence that craniosacral motion is theorized to be. The reliability of clinical measurements determines the limits of their validity."lVhe poor reliability of the craniosacral rate measurements obtained in our study suggests that the measurements obtained by our examiners may have been measurements of something other than what is purported to be craniosacral motion. Burch et allc' and Christ et a1,I7 for example, described spontaneous rhythmic volume changes in the digits and limbs of subjects that occurred at rates similar to those described by Upledger and Vrede~oogd".:~ for the craniosacral rhythm. These rhythmic volume fluctuations were independent of respiratory and cardiac rates and were thought to be related to autonomic vasomotor function. Burch et all') measured the rates of simultaneous volume changes in the fingers, toes, and ears of their subjects and found these rates to be different. It is possible that the examiners in our study were measuring this type of volumetric change within our subjects or some combination of volume changes of the subjects' fingers with those of their head and feet.
Another possibility is that craniosacral motion may be an artifact of the examiners' imagination rather than a measurable phenomenon. The results of the repeatedmeasures ANOVA showed that for any given subject, the examiners did not agree on craniosacral rates measured simultaneously. The results of the repeated-measures ANOVA also suggest that examiner A measured different craniosacral rates at the head and feet, whereas examiner B did not measure different craniosacral rates at the head and feet, implying that examiner B was the only therapist measuring a consistent rate within each subject. These ANOVA results suggest that each examiner was probably measuring something different and that each examiner may have unique factors that accounted for her craniosacral rate findings.
The results of our study challenge the assunlption that craniosacral rates measured simultaneously at the head and feet would be the same. The instruction of beginners in craniosacral palpatory skills often relies on this assumption. The observed mean absolute difference of 1.822 cycles per minute may not have clinical significance, but it would certainly influence the teaching methods used in craniosacral therapy education. Visual and auditory cues between expert and beginning practitioners of craniosacral therapy may allow both practitioners to obtain the same results. Blinding the examiners to each other's findings in our study did not permit such cues, and the examiners obtained different results.
As Echternach succinctly stated, "If I were a proponent of the proposition that the cranial motion existed, I would certainly be working extremely hard to show that this physiologic event can be recorded and displayed to others in a satisfactory manner ... because I woilld be basing so much of my therapy and theory for therapy on this phen~menon."~(~"'", Unfortunately, little research has been done to support the existence of craniosacral motion as proposed by Upledger and Vredevoogd.'
We believe the procedures used in our study provided a unique way to analyze some of the underlying assumptions about craniosacral motion. Craniosacral practitioners have yet to present scientific proof for the existence of craniosacral motion using modern instrumentation techniques. Direct comparison of palpated craniosacral measurements obtained within the same subject at the same time by blinded examiners, as was the procedure in our study, offers an opportunity to examine the validity of craniosacral measurements and clinical decision making without the use of expensive, high-tech equipment. Because our study seriously calls into question very basic assumptions made by craniosacral therapists about craniosacral motion, indeed even the existence of this motion, our study needs to be repeated.
Some researcher^'^ have suggested, based on unpublished research, that the reliability of measurements of craniosacral motion may be a function of years of experience. Although both our examiners were generally considered to be experts and should have been equally qualified to measure craniosacral rates, future research matching examiners by experience may show improved reliability. Assessing ci-aniosacral motion for qualities other than rate, such as amplitude, symmetry, and quality, could theoretically improve the reliability of craniosacral measurements, or it could reduce the reliability o:€ these m e a s~r e r n e n t s .~~e c a u s e we measured only the rate of craniosacral motion, we may have missed measuring other important attributes of craniosacral motion. Researchers conducting reliability studies in the future may want to incorporate gathering both quantitative and qualitative information into their design. If expert e:saminers, however, cannot agree on the start of the flexion phase, as was the case in our study, how can they agree on other, more complex, qualitative events? This qut:stion may be worth investigating.
Conclusion
We examined repeated simultaneous palpation of craniosalcral rates at the head and feet by 2 blinded examiners. The examiners had different rate measurements. The mean absolute difference between the craniosalcral rates measured by the examiners was 1.82 cycles per minute. Intrarater reliability ICCs for both locations ranged from .18 to 3 0 . Interrater reliability ICCs were .08 for the head and .19 for the feet. The finding that one examiner could palpate a craniosacral rate of zero while the other examiner could simultaneously palpate a consistent craniosacral rate within the same sulject suggests that the examiners were measuring diffe.rent phenomena, and one possibility is that they were attempting to measure something that does not exist. The results of this study did not support the theory of craniosacral motion as proposed by Upledger and Vredevoogd.'
